During thermoplastic filament winding the processing parameters such as mandrel temperature, nip point temperature, winding speed,compaction force, and tow tension have to be optimized. Continuous fiber reinforced rings were wound undervariation of these windingparameters. In order to characterize the consolidation quality, an interlaminar shear test and a vibration test weremade.
Introduction
Filament winding of composite materials with thermoplastic matrices is more complicated then wet winding of thermosetting composites, due to the much higher viscosity of thermoplastics. Therefore, winding parameters have to be much better optimized in order to achieve both a good impregnation and high consolidation quality. This is why the thermoplastic filament winding process is often called in-situ-consolidation, because the incomming yarn must be consolidated on the previous wound surface at the lay down point just in time. The present study contributes to the solution of this problem with experimental results obtained by filament winding of thermoplastic powder impregnated fiber bundles.
Filament winding arrangement
The filament winding arrangement used is shown in Figure 1 . The main components of this configuration are a heated mandrel, a compaction roller, and a tow guide. Tow tension can be measured and controlled. The consolidation point, also called nip point, is heated by a hot air gun and an infrared spot heater. This heating device is responsible for heating the incoming tow to a temperature above the melting point of the matrix material used. Measurements of the nip point temperatures are carried out by a pyrometer. The heated mandrel has the advantage of keeping the wound part at a higher base temperature. A two axis motion controller coordinates the mandrel's rotation and the movement of the tow guide. Thus, a predetermined fiber path can be realized.
Materials investigated
The materials investigated are powder impregnated fiber bundles. The matrix powder and the individual fibers are held together by a thin sheath of the matrix material. Such yarns are called FIT-materials (ENICHEM, Italy). In the frame of this work the particular materials are carbon fibers in Polyamid 12 (CF-PA12) and glass fibers in PBT (GF-PBT).
Winding parameters
In the thermoplastic filament winding process studied here, parameters to be varied are mandrel temperature, nip point temperature, consolidation force, tow tension, and winding speed.
In a pilot test, standard parameters are determined, by which a convertion of the intermediate material into a bulk composite strukture is possible. In order to evaluate the influence of the different parameters on the consolidation quality, one of them is varied, whereas the others are held on a standard level.
Testing of the wound rings: Interlaminar shear strength and vibration test
The interlaminar shear strength of the rings is determined by the use of a small segment of the ring with a length of 8 mm, which is clamped in a specially developed shear device /1/.
The ring's natural frequency is measured in a vibration test /2/, which is schematically illustrated in Figure 2 .
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. . The modulus also increases with increasing density, which can be traced back to a decreasing void content. This means, high modulus values are also an indication for a good consolidation quality.
The same winding and testing program is made for GF-PBT. The results are, in principle, the same as for CF-PA12. A better interlaminar shear strength and a higher flexural modulus can be obtained by increasing the density of the wound parts.
Optimized winding parameters
As a conclusion of these results the optimum winding parameters for the materials investigated can be listed as follows ( Generally, it can be stated that the consolidation quality is improved in the parameter field investigated by rising the processing temperatures. Also, a higher compaction force results in a better consolidation of the material. The influence of tow tension is completely different for the two materials. When winding CF-PAI2, a higher tow tension involves a better consolidation quality. In case of processing GF-PBT, however, a higher tow tension results in a lower interlaminar shear strength. This effect is caused by a higher elongation of the glass fibers, and therefore a negative effect on the properities of the rings due to enlarged internal stresses /2/.
Using these optimized winding parameters, rings with a high consolidation quality and a very regular fiber-matrix-structure can be wound
